A simplified laboratory process with one photolithographic step for front junction solar cells on ntype multicrystalline (mc) silicon has been developed. The emitter diffusion is done in an open tube furnace with BBr3 and back-surface-field diffusion using loading the wafers front-to-front and back-to-back respectively and thus avoiding additional etching steps. The front surface has been passivated by a ?D nm thermal oxide grown in a tube furnace. With this simple process, efficiencies of 1 I .O% on n-type mc-Si and f I .5% on n-type Cz-Si have been realized without antireflection coating and without surface texture. Applying a double layer antireflection coating (DARC) on these cells, efficiencies of 16.4% on Cz-Si and 14.7% on mc-Si have been achieved.
INTRODUCTION
There are two main motivations for using n-type mcSi for solar cell production: the first is the shortage of the p-type Si feedstock which consists primarily of p-type Si scrap material from the electronic industry. As there exists a similar quantity of n-type Si from this source, making n-type Si available for solar cell production would attenuate significantly the shortage. The second reason is that there is growing evidence that mc n-type Si is superior to p-type mc-Si [l], since it is less sensitive to certain metallic impurities [Z]. This could result in solar cells with higher efficiencies if a solar cells process is developed and optimised for n-type mc-Si.
EXPERIMENTAL RESULTS
Boron-diffusion is considered to be the main difficulty in processing of n-type mc-Si solar cells. Since the diffusivity of boron is lower than that of phosphorous, higher diffusion temperatures have to be used and, in contrast to phosphorous. there is no strong gettering effect. A degradation of the carrier lifetime may be expected from the combination of these two aspects. Contrary to this, however, we have shown, that boron emitter-diffusion is possible at moderate temperatures (around 900°C) in an open tube furnace using a BBr3 diffusion source while maintaining the high starting lifetime of the n-type mc-Si material [3] . Different sheet resistances have been obtained by varying the diffusion temperature at a fixed diffusion time of 1 hour. The doping profiles have been measured using the Electrochemical Capacitance Voltage (ECV) method (Fig. 1) . The carrier lifetimes of the mc-cell A were improved by Microwave-Induced Remote Hydrogen Plama (MIRHP) passivation. This is shown by locally resolved mappings of the internal quantum efficiency (IQE) at different wavelengths. The result of such a measurement on mc-cell A before and after MIRHPpassivation is shown in Figure 3 
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at most of the grain boundaries -some of them even appear to disappear completely after MIRHP. There is also a slight increase inside some grains. This improved IQ€ resulted in an increase of the short circuit current density J , from 21.9 mA/cm2 to 22.4 mA/cm2. Table 2 . The emitter saturation current J, has been determined with the Quasi Steady-State PhotoConductance decay (QSSPC) method to 640 fA/cm2 for the unpassivated, and to 67 fA/cm2 for the oxidepassivated cells. The improved surface passivation is also visible in the better IQE of cell B in the short wavelength range (Fig. 4) , which results in a higher J, and thus a higher efficiency. 
IodinelEthanol-passivation on a neighbourhg wafer) is
Zbulk=122 ps and for position 148 ~b~l k = 1 0 0 ps, averaged over 10x10 cm2 respectively. The increase in V, , for the Cz cell is mainly due to the reduced substrate resistivity (2 Rcm compared to 5 Rcm). Since in separate pW-PCD measurements the initial bulk-lifetime of the Cz material (over 400 ps) proved to be unchanged at the end of the process, this is an indication that far the mc and Czcells, the effective recombination velocity at the rear side and not the carrier lifetime in the bulk is the limiting factor for V, . This is understandable considering the light 45 R/sq BSF diffusion.
. .
Lifetime monitoring during solar cell process During processing of mc-cell B the minority charge carrier lifetime in the bulk was monitored ( Table 3) . Neighbouring wafers were taken out of the process after the respective process steps, the diffused regions were removed by CP4-etching and the lifetime was measured with pW-PCD (surface passivation with IIE-solution). The boron diffusion and the growth of the 10 nm passivating .oxide did not degrade the carrier lifetime and the (onesided) 45 Rlsq POCI3diffusion resulted in a slight increase due to the P-gettering effect. The 10 Wsq POCldiffusion, however, carried out at a higher temperature, resulted in a decrease of the minority charge carrier lifetime. concentration at the surface and consequently to a higher surface recombination [7] . Surface passivation of p*-doped Si-surfaces by PECVD Sic,, which proved to provide an excellent surface passivation of 3.3 Qcm p-Si [5] , is currently under investigation.
CONCLUSIONS
We showed that using a BBr3 diffusion source, 
